Background. Affordable, locally contextual complementary feeding recommendations (CFRs) that take into account cultural diversity and differences in food availability will be more likely to result in long-term improvements in complementary feeding practices than general recommendations. More objective approaches, such as linear programming (LP), have been recommended to identify optimal but CFRs to meet nutrient requirements given local food availability, food patterns, food portions, and cost.
Introduction
The World Health Organization (WHO)/UNICEF Global Strategy for Infant and Young Child Feeding emphasizes the use of suitable locally available foods. Affordable, available, and locally contextual complementary feeding recommendations that take into account cultural diversity and food availability will be more likely to result in long-term improvements in complementary feeding practices than general recommendations [1] .
To develop affordable, locally contextual complementary feeding recommendations (CFRs), objective approaches, such as those based on linear programming (LP), are now recommended instead of earlier methods based on expert opinion. Briefly, LP is an optimization method that can be used in the context of CFRs to identify optimal but realistic, available, and affordable complementary foods to meet Recommended Nutrient Intakes (RNIs) of energy and nutrients given multiple constraints, including those on Umi Fahmida, Otte Santika, Risatianti Kolopaking, and Elaine Ferguson Umi Fahmida and Otte Santika are affiliated with the Southeast Asian Ministers of Education Organizations-Regional Centre for Food and Nutrition (SEAMEO RECFON), University of Indonesia, Jakarta; Risatianti Kolopaking is affiliated with the Faculty of Psychology, Universitas Islam Negeri Syarif Hidayatullah, Jakarta; Elaine Ferguson is affiliated with the London School of Hygiene and Tropical Medicine, London.
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Complementary feeding recommendations based on local foods food availability, food patterns, food portions, and cost. The principles of the LP approach have been described previously [2] . Using LP %RNI was optimized while remaining within the constraints of food availability, consumption patterns (weekly frequency of consumption), affordability, and portion size.
The objective of this paper is to present results of previous studies in which we developed CFRs and identified problem nutrients and nutrient-dense foods using LP for different age groups, settings, and socioeconomic conditions, and to provide an example of how these CFRs can be put into practice in a community intervention trial.
Methods
Study design and subjects
The background of the studies, design, and sample population are presented in table 1. Study 1 used nationally representative data from Basic Health Survey 2010, covering all 33 provinces in Indonesia, in which we developed CFRs for the three age groups 6 to 8, 9 to 11, and 12 to 23 months. Study 2 was done at the district level in an urban population. It aimed to select CFRs and to compare problem nutrients across different socioeconomic levels. Study 3 consisted of two studies conducted in subdistricts of East Lombok (rural) and Bogor (periurban) in order to compare the results of CFRs from different areas [3, 4] . Study 4 was an intervention study in which we used behavioral change communication to encourage mothers from rural groups of low socioeconomic status to implement the CFRs developed with the use of LP.
Data preparation and analysis
The data required to develop CFRs using LP are a list of foods a target population typically consumes, the nutrient content of each food per 100 g, a realistic portion size per eating occasion, the maximum frequency of consumption per week, the food consumption patterns of the target population (low, average, and high levels), the target population's breastfeeding status, the estimated average energy requirements of the target population, and the desired nutrient contents (e.g., the 2004 Food and Agriculture Organization/World Health Organization [FAO/WHO] nutrient requirements). Dietary data were obtained from single 24-hour dietary recall (study 1) or 1-day weighed diet record combined with 1-day 24-hour recall and 5-day food intake tally (studies 2, 3, and 4). In addition, to obtain information on food availability and price, market surveys were conducted in representative market(s) from each area.
The LP analysis was performed using linear optimization (Excel's solver function) in Microsoft Excel software or WHO Optifood version 3.1.1 [5] . It was done in Excel solver, using a 4 phase approach, as described previously [2] and in Optifood using Modules 2 and 3 [5] . In all studies, CFRs were selected and tested and problem nutrients were identified with the use of identical LP models. In all studies, alternative sets of CFRs were selected by examining the food patterns of the nutritionally optimal diet using a goal programming that minimized the deviations below the nutrient goals [6, 7] while ensuring that a realistic diet was selected using constraints (on the diet's energy content, food patterns, food portions, and cost). Individual CFRs selected were the food groups that, in the nutritional optimal goal programming diet, had a higher number of servings per week than the observed median number of servings per week for the population. Also included were individual foods (or their equivalent food subgroup) that, in the nutritional optimal goal programming diet, contributed at least 5% of the problem nutrients. Alternative sets of these individual CFRs were then tested and compared on the basis of their minimized nutrient content and lowest-cost diets (i.e., diets that adhered to the CFRs being tested and were selected on the basis of minimized nutrient content or cost). A final set of CFRs was then selected that ensured at least 70% of the 2004 FAO/WHO-recommended RNIs [8] for the highest number of nutrients (and lowest cost when the number of nutrients providing at least 70% of the RNI was equal). Problem nutrients were identified as those that did not achieve their RNIs in the nutritionally optimal diet selected by LP. These were then categorized into absolute or partial problem nutrients. An absolute problem nutrient was a nutrient whose requirement was not met in the diet that maximized its nutrient content. A partial problem nutrient was a nutrient that exceeded 100% of its RNI in the diet that maximized its nutrient content, even though it was below 100% of its RNI in the nutritionally best LP model diet. Thus, for a partial problem nutrient, but not an absolute problem nutrient, its nutrient requirement can be achieved in a diet using local foods. However, this will be done to the detriment of achieving at least one other nutrient requirement. Table 2 shows the problem nutrients in each of the strata. Iron, zinc, calcium, and niacin were problem nutrients for all age groups and settings, except among children from middle socioeconomic conditions in the urban setting. In addition, thiamine was a problem nutrient in rural, periurban and urban studies whereas folate was found to be a problem nutrient in periurban and urban middle socioeconomic groups but not in rural and urban low socioeconomic groups.
Results
The individual CFRs selected for testing were those which included meat, fish, poultry, and eggs (MFPE); legumes, nuts, and seeds; vegetables; fruits food groups, liver, dark-green leafy vegetables, fermented soybean, and fortified products (table 3). Liver contributed 5% or more of the intakes of seven, three, and five nutrients for children in the age groups 6 to 8, 9 to 11, and 12 to 23 months, respectively. In infants aged 6 to 8 months, manufactured infant cereal contributed 5% or more of the intakes of eight nutrients.
To illustrate how these CFRs based on locally available foods can be promoted, we describe our intervention trial conducted in a rural area of East Lombok District, Indonesia, in which we used a behavior change communication strategy to encourage mothers to practice the CFRs. The CFR developed with LP were the following: » Breastfeed daily on demand; » Give your child boiled drinking water; » Feed your child main meals three times a day and snacks two times a day; » Include protein-source foods (from plant or animal sources) in every meal; » Add shredded chicken liver or fish or dried anchovy (5 g or 1 teaspoon or more) to each meal to increase intakes of iron, zinc, and calcium; » Feed your child vegetables daily, preferably mixed with protein-source foods (e.g., liver, fish, tofu); » Choose nutrient-dense snacks such as fortified biscuits or home-made snacks made from fish, chicken 
b. Representative at the national level. c. Representative at the district level only (Bandung City, West Java Province). d. Representative at the subdistrict level only (rural: Pringgabaya Subdistrict, East Lombok District, West Nusa Tenggara Province; periurban:
Bogor Selatan Subdistrict, Bogor District, West Java Province).
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Complementary feeding recommendations based on local foods liver, or anchovy (e.g., home-made anchovy biscuits, 15 g or two or three pieces). In addition to the CFRs, the modules also contained other relevant information, including tips on responsive feeding, hygiene during food preparation and handling, feeding during illness, reading food labels, and recipes using nutrient-dense foods. In this intervention, the mothers were taught how to make shredded liver, fish, and anchovy powder (iron-, zinc-, and calcium-rich foods, respectively) and recipes that used them (e.g., anchovy crackers) and how to read labels to choose fortified products. These lessons were given in monthly sessions that included cooking demonstrations and practice, cooking competitions, and games. Summaries of the topics and several recipes were also delivered through a mothers' handbook/module, as all mothers participating in the intervention were literate. The mothers were also encouraged to modify and create their own recipes using liver, fish, and anchovy. Each month during the 6-month intervention, the mothers were given a self-evaluation form in which they assessed whether they had followed the recommended practices, including breastfeeding on demand; providing safe drinking water; providing frequent meals and snacks; providing animal protein, including liver, fish, and anchovy; feeding the child vegetables; and providing fortified foods After the 6-month intervention, there was an increase in the number of children who consumed a diet that achieved a high dietary diversity score (four or more food groups) in the groups who received CFRs compared with those who did not (80% vs. 60%). In addition, in the groups receiving CFRs, the intakes of iron, zinc, and calcium were 10% to 40% higher, and the intake of protein (total and MFPE protein) was also higher than in the groups that did not receive CFRs.
Discussion
Iron, zinc, calcium, and niacin were problem nutrients, especially in the youngest age group (6 to 8 months), and iron was a problem nutrient for children of low socioeconomic status in the 9-to 11-month and the 12-to 23-month age groups. There was no difference in the profile of problem nutrients between rural and periurban areas, except among children living in better socioeconomic conditions in urban areas. Animalsource foods (meat, fish, poultry, and eggs) and fortified foods were the nutrient-dense foods identified by LP to fill the nutrient gaps of these problem nutrients, and their inclusion in the diet improved the intakes of iron, zinc, and calcium.
We defined locally available foods as all foods consumed in the area, including fortified foods available in the local market and consumed. In Indonesia, fortified foods, including fortified complementary foods, are now more readily available and affordable in rural as well in urban areas. For instance, our study conducted in rural West Nusa Tenggara Province in 2005 showed that only 42% of the infants consumed fortified products such as manufactured infant cereal and fortified biscuits, whereas our recent study in 2010 conducted in the same area found a figure as high as 82%. Based on observations in the local markets, there were more brands of biscuits (and similar products such as wafers and crackers), noodles, and drinks in the 2010 survey than in the 2005 survey [9] . Using the LP approach, we have described its benefit not only in identifying problem nutrients but also in identifying specific food groups and nutrient-dense foods to be promoted, based on the local foods available in the study area. When different areas are compared, different nutrient-dense foods may be identified (e.g., fish in Lombok, which is a coastal area). Similarly, the same foods or food groups may be identified, but the optimal frequency of their adoption may differ depending on actual food patterns as affected by socioeconomic condition. This also suggests that although we may recommend the same complementary feeding recommendation, the extent of its successful adoption may be affected by its affordability. Information from LP (i.e., lowest-cost diets) and socioeconomic questions can inform programmers regarding the need for additional complementary interventions, when necessary, for specific subpopulations such as low-socioeconomic-status groups. Fortification of subsidized rice for the poor is currently being studied for efficacy and effectiveness in Indonesia [10] . To fulfill the nutrient needs identified by nutrient gaps, new food products based on local commodities can also be formulated with the LP approach [11] .
Other information about food choices and food preferences can also be collected for consideration when choosing alternative CFRs. It is also important to take note of potential foods that are consumed by family members, although not by children, to explore whether such foods can be introduced in complementary feeding. In our intervention trial, anchovies were an example of a food not usually consumed by the children surveyed. However, focus group discussions and in-depth interviews revealed that a few children were consuming anchovies. These qualitative approaches helped to identify the "positive deviance" food, and with additional food preparation techniques to improve its acceptability (grinding the small dried fish into a powder), it proved feasible to introduce anchovy to the complementary feeding diets of children under 2 years of age in our intervention trial.
How much can animal-source foods and fortified foods contribute to improving intakes of nutrients, especially typical problem nutrients such as iron, zinc, and calcium? We used typical CFRs for rural Indonesia from our study and simulated four different situations: CFRs with a generic message; CFRs that specify specific nutrient-dense foods to be consumed; CFRs plus specific nutrient-dense foods plus additional specific fortified products, and the latter plus rice fortified with multiple micronutrients. As shown in figure 1, nutrient-dense animal-source foods can increase 17% to 46% of RNI of the three problem nutrients (calcium, zinc, iron), while fortified products further improve 27% to 37% of RNI [9] .
Conclusions
CFRs based on locally available foods can be developed by using a LP approach to objectively identify problem nutrients and the nutrient-dense foods with potential to improve intakes of these problem nutrients. Although iron, calcium, zinc, niacin, and potentially folate and thiamine are typical problem nutrients in the complementary diets of Indonesian children, the extent of dietary inadequacy varies across age groups, area, and socioeconomic level. Animal-source foods and fortified foods can improve micronutrient adequacy in complementary feeding diets and should be promoted in CFRs. 
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